Treating cardiovascular disease (CVD) risk factors, including dyslipidemia, is important in HIV care. Lowdensity lipoprotein cholesterol (LDL-c) target achievement is a readily available benchmark for dyslipidemia control, although use of this target is not uniformly endorsed by professional societies. We examined whether HIV serostatus is associated with not achieving LDL-c target. Among Multicenter AIDS Cohort Study (MACS) participants completing visit 56 (10/1/2011-3/31/2012), we categorized each man as on or off statin therapy and used NCEP ATP III guidelines to determine if each man was at LDL-c target or not at target. We compared proportions of men not at target and determined predictors using multivariate logistic regression. Sixty of 543 (11.1%) HIV-infected men and 87 of 585 (14.9%) HIV-uninfected men not receiving statin therapy were not at target ( p = 0.07), while 31 of 230 (13.5%) HIV-infected and 29 of 204 (14.2%) HIV-uninfected men receiving statin therapy were not at target ( p = 0.82). Factors associated with not being at target (among men not receiving statin therapy) included current smoking (OR = 2.31, 95% CI 1.31, 4.06) and a diagnosis of hypertension (OR = 4.69, 95% CI 2.68, 8.21). Factors associated with not being at target (among men receiving statin therapy) included current smoking (OR = 2.72, 95% CI 1.30, 5.67) and diabetes (OR = 5.31, 95% CI 2.47, 11.42). HIVinfected and HIV-uninfected men receiving statin therapy demonstrated similar nonachievement of LDL-c targets. Comorbidities (e.g., diabetes) lowered targets and may explain why goals were less likely to be met.
Introduction

S
ince the introduction of antiretroviral therapy (ART), HIV-infected individuals have experienced a dramatic decline in AIDS-related mortality, but increasing morbidity and mortality from other non-AIDS conditions such as cardiovascular disease (CVD). [1] [2] [3] [4] Increased CVD events have been observed among HIV-infected patients, [5] [6] [7] [8] and several large cohorts have revealed CVD-related mortality as a major cause of death among HIV-infected patients. 9, 10 Many factors might contribute to CVD in HIV-infected patients including effects of HIV infection (inflammation, hypercoagulability, endothelial dysfunction, immune activation), effects of ART, lifestyle risk factors including higher smoking rates, and other chronic medical comorbidities such as hypertension (HTN), diabetes (DM), and dyslipidemia, which are common in HIV-infected patients. [11] [12] [13] Furthermore, DM, HTN, and dyslipidemia are frequently not well controlled in HIV-infected patients. 14 Although suboptimal cardiovascular risk factor control is also observed in HIVuninfected populations, the implications of these findings may be more serious in HIV-infected patients given their overall increased CVD risk.
The hallmark of CVD prevention in the general population as well as HIV-infected patients has been the identification and control of risk factors including DM, HTN, and dyslipidemia, as well as the encouragement of tobacco use cessation. Interventions include lifestyle modification and pharmacological therapy. Until recently, clinicians frequently followed the recommendations of the National Cholesterol Education Program Adult Treatment Plan III (NCEP ATP III), 15 updated in 2004. 16 These guidelines assess the appropriate timing of interventions, including lifestyle modification and the initiation of pharmacological therapies, based on a patient lipid profile and 10-year risk for coronary heart disease (CHD) events using Framingham risk score calculation. 17 The mainstay of pharmacological lipid control is used of statin drug therapy, with a focus on low-density lipoprotein cholesterol (LDL-c). The implementation of stating therapy has greatly reduced CVD-associated mortality. 18 Despite the presence of data supportive of the benefits of statin therapy, observational studies have noted the undertreatment of persons with elevated LDL-c. 19, 20 Recently, the American College of Cardiology/American Heart Association (ACC/AHA) released new cholesterol treatment guidelines aimed at reducing CVD risk that removed LDL-c targets and recommended moderateor high-intensity statin treatment for patients with elevated CVD risk [patients with CVD or diabetes, LDL-c ‡ 190 mg/dl (4.91 mmol/liter), or estimated 10-year CVD risk ‡ 7.5%]. 21 However, other groups, such the American Association of Clinical Endocrinologists, continue to endorse LDL-c target attainment 22, 23 and clinicians may still believe that these targets are relevant, particularly in their high-risk patients.
Our primary objective in the current analysis was to determine whether HIV-infected men were less likely than HIV-uninfected men to receive treatment with lipid-lowering therapy according to national guidelines recommendations (which were NCEP ATP III guidelines at the time the analysis was conducted). Prior work has shown that HIV-infected men may be undertreated for their CVD risk factors. 24, 25 With multiple competing comorbidities and polypharmacy among HIV-infected men, potentially affecting prescribing patterns and/or medication adherence, we hypothesized that HIV-infected men would be less aggressively treated, and would be less likely to take indicated treatment or meet targets for dyslipidemia compared with HIV-uninfected men.
Materials and Methods
We used cross-sectional data from participants in the Multicenter AIDS Cohort Study (MACS) to determine the proportion of men in the MACS not achieving their LDL-c target, comparing HIV-infected with HIV-uninfected men.
Study population
The MACS was initiated in 1984 as a study of men who have sex with men conducted at four study sites in Baltimore/ Washington, DC, Chicago, Los Angeles, and Pittsburgh. A total of 6,973 men were enrolled during four time periods :  1,813 HIV-infected and 3,141 HIV-uninfected men in 1984-1985, 425 HIV-infected and 243 HIV-uninfected men in  1987-1990, 705 HIV-infected and 646 HIV-uninfected men,  primarily minorities, in 2001-2003, and 21 HIV-infected and  29 HIV-uninfected men in 2010 (enrollment ongoing). Participants undergo semiannual study visits consisting of a detailed interview, physical examination, and collection of biological specimens. Details of the study design and methods have been published. 26 The protocol was approved by Institutional Review Boards at each site and each study participant signed an informed consent. Men who completed Visit 56 (10/1/2011-3/31/2012) were eligible for inclusion. Men receiving statin therapy at Visit 56 were excluded if they had been receiving statin therapy at the time of MACS enrollment. Men were excluded if more than 2 years lapsed between the visit prior to statin therapy initiation and the statin therapy initiation visit because in these situations we were unable to determine an accurate treatment goal (clinical data were outdated). At the time of Visit 56, 22% of the HIV-infected and 21% of the HIV-uninfected men from the 1984 cohort, 21% of the HIV-infected and 13% of the HIV-uninfected men from the 1987 cohort, and 64% of the HIV-infected and 47% of the HIV-uninfected men from the 2001 cohort participated.
Outcomes
The main outcome measure was whether each participant attained his LDL-c target. Total cholesterol and high-density lipoprotein cholesterol (HDL-c) were measured from all fasting and nonfasting blood draw samples. LDL-c was calculated from fasting blood draw samples with triglycerides < 400 mg/dl using the Friedewald equation. 27 LDL-c was directly measured on fasting blood draw samples with triglycerides ‡ 400 mg/dl and on all nonfasting blood draw samples. Lipid testing was performed at the Heinz Nutrition Laboratory at the University of Pittsburgh. [28] [29] [30] We started by categorizing each man as either receiving or not receiving statin therapy. This was determined by participant self-report at Visit 56.
For men not receiving statin therapy at Visit 56, we next utilized the NCEP ATP III guidelines to establish an LDL-c level for appropriate initiation of lipid-lowering intervention as well as appropriate LDL-c target for each participant (Appendix A). We categorized each man as (1) not on statin therapy, not at LDL-c target or (2) not on statin therapy, at LDL-c target. We compared percentages of men not receiving statin therapy and not at LDL-c target by HIV serostatus using chi-square testing.
For men receiving statin therapy at Visit 56, a similar process was undertaken (Appendix B). We categorized each man as (1) on statin therapy, not at LDL-c target or (2) on statin therapy, at LDL-c target. Additionally, we examined whether men who had initiated therapy met the criteria for statin therapy based on ATP III guidelines: we examined their risk factors and LDL-c level at the visit prior to starting statin therapy and determined whether therapy would have been indicated using ATP III.
Measures of interest
Covariates included in the analysis included race, body mass index (BMI), smoking (self-reported), medical insurance coverage and insurance coverage for medications (selfreported), statin potency (for men receiving statin therapy), hepatitis C coinfection (laboratory values consistent with chronic hepatitis C) at Visits 54-56, and elevated aspartate aminotransferase (AST)/alanine aminotransferase (ALT) levels. Insurance coverage was defined as ''not having insurance'' by a negative response to either or both of the following questions at the Visit 56 interview: ''Since your last visit, have you had any medical coverage, such as HMO coverage, Blue Cross, or Medicare?'' and ''Since your last visit, have you received assistance from ADAP or Ryan White?'' Insurance coverage for medications was defined as ''not having coverage'' by a negative response to the question, ''Since your last visit, did you have insurance coverage that pays for any of your medications?'' Statin potency was defined as ''high potency'' for participants on atorvastatin, rosuvastatin, or simvastatin at Visit 56. Elevated AST or ALT levels was defined as having an AST or ALT > 80 IU/liter at a visit up to 1 year prior to Visit 56 [more than two times the upper limit of normal (ULN)].
Statistical analysis
We compared demographic and clinical characteristics of HIV-infected and HIV-uninfected participants, using chisquare tests to compare counts and prevalence measurements. To compare continuous variables, we used the two sample ttest or Wilcoxon rank sum test depending on the distribution of the variables.
We constructed four separate multiple logistic regression models as follows: (1) for all men not receiving statin therapy, (2) for HIV-infected men not receiving statin therapy, (3) for all men receiving statin therapy, and (4) for HIV-infected men receiving statin therapy. Models including all men were adjusted for HIV serostatus. All models were adjusted for age, race, and BMI. Models including only HIV-infected men also included as predictor variables CD4 + T lymphocyte cell count (CD4, greater or less than 200 cells/mm 3 ) and plasma HIV RNA levels (greater or less than 50 copies/ml). Models for men receiving statins were adjusted for statin potency. Finally, all multivariate models included covariates that had Table 1 . Demographic and Clinical Characteristics of Men Not Receiving Statin Therapy (N = 1,128) demonstrated an association with the outcome of interest with a p-value less than 0.10 in the univariate models. Multivariate models included all participants with complete data. Analyses were conducted using SAS Version 9.2 (Cary, NC), and a p-value < 0.05 was considered statistically significant.
Results
A total of 1,926 men completed Visit 56 and 564 men (29.3%) reported statin therapy use at that visit. Twenty-nine men receiving statin therapy at Visit 56 were excluded because they had been receiving statin therapy when they joined the MACS, so their target LDL-c could not be calculated. Fifty-six men were excluded because more than 2 years had elapsed between the visit prior to statin therapy initiation and the statin therapy initiation visit. One hundred and thirteen men did not respond to the medication use questions, and therefore were excluded from the analysis. Therefore, 479 men receiving statin therapy and 1,249 men not receiving statin therapy were considered for analysis. Among men not on statins, 1,128 had lipid data from Visit 54-56 to determine whether they had achieved their LDL-c target. For 434 men receiving statins, we were able to determine their LDL-c target from historical data and had current lipid data available to determine if they achieved LDL-c target at Visit 56. This comprised our final sample size.
Demographics Table 1 presents the distribution of relevant demographic and clinical characteristics according to HIV serostatus for men not receiving statin therapy. The HIV-infected men (n = 543) were younger, more likely to be black and to have a normal or underweight BMI, to be a current smoker, and to have hepatitis C. HIV-infected men had lower current HDL-c and LDL-c. Table 2 presents demographic and clinical characteristics for men receiving statin therapy. HIV-infected men were younger, more likely to have lower BMI, more likely to be black, and more likely to be current smokers. LDLc was lower among HIV-infected men compared with HIVuninfected men prior to statin therapy initiation (132 mg/dl vs. 140 mg/dl, p = 0.004). HIV-uninfected men had higher current HDL-c compared with HIV-uninfected men. Similar proportions of HIV-infected men (28.2%) and HIV-uninfected men (27.3%) ( p = 0.73) were receiving statin therapy at Visit 56. More HIV-uninfected men than HIV-infected men on a statin (72.6% vs. 89.7%, p < 0.0001) were on a high-potency statin. Statin therapy was not indicated according to ATP III guidelines at the visit prior to statin initiation in 31.2% of HIVinfected men and 39.1% of HIV-uninfected men ( p = 0.09).
Predictors of not achieving LDL-c target, all men
Among all men, there was a similar prevalence of not achieving LDL-c target among HIV-infected (11.8%) and HIV-uninfected men (14.7%) (age-and race-adjusted prevalence ratio 1.01, 95% CI 0.97, 1.05, p = 0.53).
Predictors of not achieving LDL-c target for men not receiving statin therapy
Eleven percent of HIV-infected and 15% of HIV-uninfected men not receiving statin therapy were not at their LDL-c target ( p = 0.07). In univariate analyses (Table 3) In univariate analysis among HIV-infected men (Table 4) , the following factors were associated ( p < 0.10) with not 
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being at LDL-c target: older age, hypertension, and HIV RNA > 50 copies/ml. Factors associated with not being at LDL target among HIV-infected men not receiving statin therapy in multivariate analysis included age (OR = 1.04, 95% CI = 1.00, 1.09) and hypertension (OR = 6.13, 95% CI 2.60, 14.48). There was no association between current antiretroviral therapy and not being at LDL-c target.
Predictors of not achieving LDL-c target for men receiving statin therapy
Thirty-one of 230 (13.5%) HIV-infected and 29 of 204 (14.2%) HIV-uninfected men on statin therapy were not at their LDL-c target ( p = 0.82 for comparison by HIV serostatus). In univariate analysis (Table 5 ), the following factors were associated ( p < 0.10) with not achieving LDL-c target: white race, diabetes, current smoking, hypertension, no medical insurance, and no insurance coverage for medications. Factors associated with not achieving LDL-c target in multivariate analysis among men receiving statins included current smoking (OR = 2.72, 95% CI 1.30, 5.67) and diabetes (OR = 5.31, 95% CI 2.47, 11.42). Ninety-four high-risk men receiving statins were evaluated for the optional goal of LDL-c < 70 mg/dl. Of those men, 10/45 (22%) of HIV-uninfected and 14/49 (28.6%) of HIV-infected men achieved LDL-c < 70 mg/ dl ( p = 0.5). One hundred and forty-three moderately high-risk men receiving statins were evaluated for the optional goal of achieving LDL-c < 100 mg/dl. Of those, 40/67 (60%) of HIVuninfected and 43/76 (57%) of HIV-infected men achieved LDL-c < 100 mg/dl ( p = 0.8). Fibrate use did not influence not being at LDL-c target.
Predictors of not achieving LDL target for men receiving statin therapy, HIV-infected men only
In univariate analysis among HIV-infected men (Table 6) , the following factors were associated ( p < 0.10) with not achieving LDL-c target: white race, diabetes, current smoking, and AST or ALT > 80 U/liter. Factors associated with not achieving LDL target among HIV-infected men receiving statins in multivariable analysis included diabetes (OR = 9.48, 95% CI 3.00, 29.95) and AST or ALT > 80 (OR = 8.78, 95% CI 1.14, 67.77). There was no association between historical and/or current ART and not being at LDL-c target. Again, fibrate use did not influence not being at LDL-c target.
Finally, we examined whether our results differed when considering whether or not men receiving statins achieved their LDL-c target based on their clinical and laboratory data from Visit 56, rather than based on historical data; the number of men receiving statins included in this analysis increased from 434 to 502. Thirty-seven of 256 HIV-infected men (14.3%) and 28 of 244 HIV-uninfected men (11.5%) were not at their target LDL-c in this assessment ( p = 0.41). The predictors of not achieving target LDL were a diagnosis of diabetes (OR = 2.33, 95% CI 1.24, 4.36) or hypertension (OR = 3.38, 95% CI 1.62, 7.06) for all men and diabetes (OR = 3.58, 95% CI 1.50, 8.58) among HIV-infected men only.
Discussion
In this cross-sectional analysis, we found that the likelihood of not receiving indicated drug treatment for dyslipidemia did not vary by HIV serostatus. There were similar proportions of HIV-infected and HIV-uninfected men (11.1% and 14.9%, respectively) not receiving statin therapy for whom such therapy was clinically indicated. Factors associated with nonachievement of target LDL-c for men not receiving lipid-lowering therapy included smoking, hypertension, and white race. Furthermore, we found that HIVinfected men receiving statin treatment were as likely not to have achieved target LDL-c level as HIV-uninfected men (13.5% and 14.2%, respectively). Among men receiving statin therapy, factors associated with nonachievement of LDL-c target included smoking and diabetes. These findings were contrary to our initial hypothesis that HIV-infected men would be less likely to receive indicated lipid-lowering therapy and that when treated, they would be less likely to achieve target LDL-c values.
Our hypothesis was based on HIV-infected patients frequently having multiple comorbid illnesses that require separate pharmacological treatments, resulting in competing health priorities compared to their HIV-negative counterparts. However, an opposing perspective that may explain our findings is that HIV-infected persons receive more health monitoring, more diagnoses, and more treatment than HIVuninfected persons of a similar age. 31 Compared with findings from other studies, the proportion of men in our sample who achieved their LDL-c target was higher than previously demonstrated. A report from the HIV Outpatient Study (HOPS) data showed that 81-87% of patients with elevated LDL-c or non-HDL-c received the indicated therapy. 32 Slightly over half of the HOPS patients, 52.8%, achieved their LDL-c treatment goal. Similar to our findings, HOPS patients at higher cardiovascular risk based on ATP III guidelines were less likely to achieve their target. When the presence of CVD risk factors (e.g., diabetes and smoking) resulted in lower LDL-c targets that require more aggressive lipid-lowering therapy, those targets were less likely to be met. This has also been demonstrated in the general population, with only 56% of diabetic patients meeting their LDL-c goal 33 and evidence suggesting that smokers are less likely to meet LDL-c targets. 34 What is less clear, and what could be explored with future research, is whether nonadherence, undertreatment, or underlying biological mechanism results in these patients make them less likely to reach their target. The HIV-HEART study showed that among HIV-infected patients with moderate to high CHD risk there were more than 50% moderate risk and more than 30% high CHD risk patients who did not receive drug treatment for elevated LDL-c. 24 One potential explanation for the novelty of our findings in comparison to previous reports from other cohorts is that MACS participants (both HIV-infected and HIV-uninfected participants) differ from the clinic-based sample in the HOPS and the cohort recruited for the HIV-HEART study; they have been in longterm follow-up and may represent a group that is generally more adherent to medical intervention. Furthermore, MACS participants undergo regular lipid screening as a result of their participation in the study, which is not the case in other observational cohorts. Also, there are relatively fewer MACS participants with intravenous drug use as their primary HIV transmission risk factor and relatively fewer participants of low socioeconomic status.
Another possible factor that may have influenced our findings is the timing of the assessments. Our data were from late 2011 to early 2012, whereas data from other studies reflect earlier time periods (observation began in 2002 in HOPS and in 2004 in the HIV-HEART Study). Although increases in atherogenic serum lipids with antiretroviral therapy have been noted since early in the epidemic, 35 in recent years there has been an increased emphasis placed on the atherogenic effect of HIV-related inflammation 36, 37 and on the importance of optimizing the management of chronic comorbidities among HIV-infected patients. Finally, our patients may have demonstrated high rates of target attainment due to enhanced adherence around the time of MACS assessments, a previously described phenomenon. 38 We found that among HIV-infected men receiving statin therapy, having an AST or ALT greater than two times the ULN was associated with nonachievement of the LDL-c target. A common clinical question is whether prescribed statin doses should be increased in order to meet LDL-c targets among patients with abnormal liver transaminases. Several large randomized controlled trials have found no difference in persistently elevated transaminase levels among such patients when comparing statins to placebo. [39] [40] [41] Additionally, recent (2012) labeling of statins by the U.S. Food and Drug Administration does not recommend routine monitoring of liver function tests among patients receiving statins, noting that serious liver injury attributable to statin use is ''rare and unpredictable.'' 42 However, labeling for atorvastatin and rosuvastatin, commonly prescribed statins in HIV infection, lists active liver disease, including unexplained persistent transaminase elevations, as a contraindication to therapy.
Caution is suggested when considering statin therapy for individuals who consume large volumes of alcohol and/or have a history of liver disease. 43, 44 Several small studies have examined the safety of statin therapy among patients with chronic HCV [45] [46] [47] and HCV/HIV coinfection 48, 49 ; these Nevertheless, providers may still be reluctant to aggressively prescribe statin for their HIV-infected patients with abnormal transaminases, particularly among patients receiving protease inhibitors that may impact the drug levels and toxicities associated with statin use. ACC/AHA cholesterol treatment guidelines released in late 2013 removed LDL-c targets, citing insufficient evidence from randomized controlled trials that customizing statin therapy to achieve a specific target decreased CVD event risk. 21 However, other professional societies continue to endorse LDL-c target use both for monitoring the response to statin therapy and for assessing the degree of CVD risk reduction attained. 23 Furthermore, even if providers are not as attuned to LDL-c targets in the future, it is reassuring that our data demonstrate that HIV-infected patients are not less likely (and perhaps more likely) to receive statin therapy than HIV-uninfected persons, a possible reflection of the increased emphasis placed upon CVD risk management by providers for their HIVinfected patients. The extent to which recent guideline modifications in lipid management regarding CVD risk reduction are appropriate for HIV-infected persons remains unclear. Likewise, consensus has not yet been achieved regarding the extent to which HIV infection itself should routinely be considered a CHD risk equivalent and how best to quantify that risk when undertaking CHD risk stratification.
Strengths of our study include the inclusion of an HIVuninfected person, compared to prior studies that examined lipid treatment among HIV-infected persons only. We studied a large sample number of patients with extensive longitudinal clinical and laboratory data allowing us to use pretreatment data to determine the LDL-c goal. The applicability of our data is somewhat limited because the MACS does not include women and represents a group of patients that is generally adherent to medical intervention. We are still intrigued as to why not having insurance coverage for medications was inversely associated with not being at target among men not on statins, but suspect that unmeasured confounders may be a factor-that the men without insurance coverage for medications are perhaps less engaged in care, possibly reflecting that they are sicker in some way that makes them more likely to have a lower LDL-c that we did not capture with the current covariates.
Control of CVD risk factors among HIV-infected patients is an important component of HIV care, particularly as HIVinfected persons age. We found that the likelihood of nonachievement of LDL targets did not differ by HIV serostatus. Several potential factors [frequency of primary care visits and lipid monitoring in a ''real world'' (nonstudyprompted) clinical care setting, and type of practitioner from whom care was provided] merit further study. Future work should also evaluate whether current lipid-lowering guidelines in the general population are adequate for HIV-infected individuals, given the potential for increased HIV-associated CVD risk. Furthermore, other HIV-infected populations in care should undergo evaluation to ascertain whether our findings are generalizable.
